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CH CIIL OOMPOSITION OF NIBOIXFURIETIES IN JET FUELS

FROM SUL'FROUS P1"ROLWM

'by

V. N. Zrelov, N. I. Marinchenko', et al,

When one uses on airoraft jet fuels from sulfurous patroleums there

results a clogging of the",uel filters and gaps inl the connected parts of

the fuel apparatus in jet engines by microinperities of filter ing elements

in the fuel.

Up to the present time when evaluating the clogging tendency of fuels

the main attention has been given to the quantitative side of the question.

One studied the change in the content of mioroimpurities in the fvei, es-

timated the size of their particles, and determined the filterability of

the fuels [1-3).

However, in order to really evaluate the effect of the mioroimpurities

of the fuel on the working of the fuel apparatus of the engine it is neces-0

sary in the first place to know the chemical composition of thes impurities.

For fuels obtained from the sulfurous petroleum. of the Ural-Volga petro-

leum region of great significance in the formation of mioroimpurities are

the sultnu-organio compounds contained in the fuels.

The chemical composition of the microimpurities was investigated in the

TS-1 fuels from two refineries over the whole course of their movement in

the railway tank oars to the fuel apparatus of the engines.

The microimparities were separated from 20 1 of fuel by the centrifugal

process on a supercentrifuge making 30,000 RPM with subsequent separation of

the fuel by vacrum distillation and flashing with isopentane. On the super-

centrifuge there were separated out microimpurities the dimensions of which

were greater than 1-5 microns. Afterwards the mioroimpurities were dried

out at the tempe•rtures of 20 and 105eC, whioh made it possible to get an
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idea of the oontent in thow of struotural moisture. The abeolutely dry

mloroimaprioties vre analyse tfor C, H, 5, and N by the usual zethods of

mioroanalysis, After oaloination of the absolutely dry mioroimpurities

at 500-550C the element oouposition of thelr, sh was dbtermined by the

speotral eeis ion method on the I3P-28 upeotrograph for 24 elements. The

separation of the mioroinpurities was done with oomeroial fuels whioh in

their quality f'ý.lly oorreaponeisd with OOST 7149-54.

At the mamo time there was studied the ohemioa.l composition of impuri-

ties whioh in t~e proesse of the filtering of the fuel remained behind in the

mesh a" in ololi filters. They were flushed from the mesh filters with an

aloohol-bensen. mixture. After distilling away the solvent they were dried

and analywed aLno just U the mioroinpurities separated from the fuels.

They were not flushed from the oloth and paper filters but analysed together

with the filtering material. Along with this filtering material was anal-

ysed of the same dimensions. The ohemioal content of the precipitate was

determined by the differenoe in the amounts obtained fme Use dirty wnd the

clean filters.

In the microimpurities on mo*e oloth filters there was found the con-

tent of the ormanio part by the method of its extraction with chloroform

in the Soxhlet apparatus into which there were put the pieoes of filtexing

material oontaLning the mioroinpurities.

The ohabraoteristics of the mioroimpurities of the TS-I fuel tranported

from the refineries in tank oars ar•e presented in Table 1. From the data

given one mees that the mioroinpuritiee of the fuel consist of three oomp,-

ments-ash elezents, organio tar part, and "structural moisture." In trans-

porting the fuils on the railroad the mioroimpurities increase through ash

addition with small content of water anid tars.
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Table 1 Notes1 1. Bag Ti, Cr, Ni, Mn,
-!"7bg Sn, and Ou are present

Refin- rfin- in small quantities.

Item =2. T2 ep Bi, VP Mo. Coo Ag,
Aver- Aver Res- P, Cd, and Sb are absent.
age ege . -
speci- speoi- due 3. The given notations
men men hold good for the following

tables.
Weight of air-dried 

t

mioroimpuritieeo, 4. The residue amounts
g/t . . . . . . . 1.55 6.0 155 to 5% of the whole amount

of fuel.
"Weight of absolutely
dry mioroimpurities
g/t. ....... 1.49 5.4 108 The ash oontent of theme

Moisture of mioroim- mioroimpurities in the residue
purities, %. . . 9.63 10.4 6.2 roiu tes inmthe residue

reaches almost 82%. They

Ash oontent of abso-
lutely dry mioro- basically consists of the prod-
impurities, %.. 62.86 59.5 81.9

uots of oorrosion of the iron.
Element oomposition

of abeo) tely drjr As to produots oontaining sul-
mioroimpurit ies,
%. fur they are very scarce.

C ............ . . . 27.94 30.08 8.63 Compounds of nitrogen are absent.

Iu . . . . . .... 5.61 6.95 3.14 The mioroimpurities found

S ........ 0.&, 0.38 0.15 in the fuel in the suspension
only a

S........... . 0.9P, 0.59 trace state are enriched by sulfur-

0 .......... 29.9- 35.4 53.38 ous and nitrous oompounds.

Fe .......... 6.21 8.6 33.0 The amount of sulfur in them

Si .* . . .. 11.5 5.6 1.12 goes as high an 0.38-0.8404

Ca ...... . .* . 4.3 2.3 0.04 the amount of nitrogen 0.28--

Mg .......... . . . 4.6 4  0.95 0.25 0.59%. These mioroimpuritie.

Al . . . .......... 0.82 0.58 0.08 oontain more tar products and

Na. .......... 1.? 0.88 due water. Among the ash elements

admixtures of mineral origin oontaining oompounds of Si, Ca, Mg, and Al ocou-

py an important plaoe.
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4. hm n,4myw,+*m,~a in, tli f12al of the amou~nt

of the organio-tar part and sulfur CauOeeS the mioroimpurities to remain in

suspension and impedes their precipitation from the fuel.

After empt-ing from the railroad tank cars the fuels under warehouse

oonditions a.e- put through a settling process and filtration through mesh

and cloth filters. On the airplanes the fuels are also filtered through

mesh and paper filters with a high degree of filtering, Through this the

quantitity of mioroimpurities in the fuels is diminished.

As a result bf the study of the residue and filtration of the fuels it

was established that the purification of the fuels depends on the sa;e of

the partioles of impurities contained in the fuel. Research of the effect

of the chemical composition of the mioroimpurities on the process of their

settling and filtration from the fuel* wax zaot done.

The data of the change in the amount and composition of the mioroimpuri-

ties in the TS-I fuel in the process of its sedimentation and filtration in

the combustible stirage and on the airplane tort given in Tables 2 and 3.

From the data presented it is seen that in the process of sedimentation and

filtration of the fuel there is a sharp decrease in it of the amount of com-

pounds containing sulfur and nitrogen,

In the TS-I fuel of refinery - I the amount of sulfur is brought down

to one fourth, and at refinery II to one fifth. The amount of nitrogen is

lowered, respeotivelyp by factors of 2.7 and 2, There is a decrease also

in the mioroinqurities of the amount of ash elements.

In Talble 4 there are presented the characteristics of the sediments

taken from the reservoirs and fuel tank aafter keeping fuel in them under

conditions of storage, From the data presented it follows that in the set-

tling there are separated out deposits enriahed by the ashes of elements

with a Gaall quantity of water end tarrv substances. Th, content of ash in

-WD.T-64-392/1 4



to sede•ant saounts to 80--8% and moisture --8% in the sedinrnt there

is very little sulfur and nitrogen. The basic oomponenfs of the sediment8

T % b 1 • 2 prove to be products o f

Iuel from refu1r. Iy the oorrosion of the Fe

From From dij-- After and mineral admixtures
R. R. tributing air-

Item tank storage plane containing compounds
oars filter-

ling of Si, Ca, and )Mg. In-

Weight of air-dried mioro- to the sediment also go

impurities g/t . . . . . 6.0 2•42 1.58
compounds of Zn and Pb.

Weight of absolutely d-ry
mioroimpurities, g/.. 5.4 2.10 1.13 The micr1 impuri-

Moisture of mioroimpuri- ties of the TS-1 fuel

tiso, % . . . . . . . 110.4 13-6 28.55tle• .. .. ,1104 1-85 which have oompounds

Ash content of absoluteh
dry mioroimpurities, 59.5 609p 54.5 containing sulfur and

Element oomposition of ab- nitrogen are separated

solutely dry mioroimpuri
itieos %: out in the sediwnt in

C . . . . . . . .. ... . 30.08 14.21 17.94 lesser quantities.

H . . . . . . . . . . . . 6.95 4.51 6.08 An analysis of the

IS . . . * * . * * . * * . 0.38 0.13 0.07

SN............. 0.59 0.55 0.25 precipitate accumulated

0 . . . . . . . . . . . . . 35.4 29.5 I 30.86 on the meshes of storage

Fe * 8.6 31.4 19 .0 and airplane filters

Si . . . . . . . . . . . . 5.6 4.5 6.8 is given in Table 5.

C& . .... . ...... 2.3 1.1 3.82 It is seen that the impu-

S Mg .9 0.95 0.92 2.6 rity of the 'A•,.. fuse,

Al . . . . . . . . . . . . 0.58 0.28 0.51 hioh contains sulfur-or-

.. .C .1.0.88 0.62 0.55 ganie oompo is prac-

tioelly not oaught by the mesh of the filters. The inc3reas•d amount of ni-

trogen in the se*iment is connected with the faot that on mesh filters fi-

brous material is caught in greater quantities, such material getting into

FID-TT-64-392/1



T bi1 3 Tab e 4

Fue1 from ref ir7 I Sediment

From From After From From sed
R. R. aiw- air- rez- iment of

Item tank plars plane Item er- supply
oar& roe- filter- vo tank

voir Weight of air-dried

Moisture of mioro- 
114.6 2.0

impuritiest % 9.63 9.0 17.8 Weight of absolutelyl
dry deposit, g/t I 13.0 1.84

Ash oontent of ab-
solutely dry mi- Moisture of sedi-
oroimpuritiesj % 62.86 67.2 69.6 ment, % .... 7.0 7 7

Element oompositon ,Ash oontent of ab-
of absolutely solktely dry sed-
dxy mioroimpuri- iment, % ... 79.5 84.1t1eLj, %1

Element content of

C .. 27,94 19.33 23.19 absolutelydry
deposit, %:

. .••.•0.24 5.61 5.50 5.1
c . . . . . . . . . 7.54 12.92

S... ... ... 0.8 0.58 0.22
s .. ... . 0.24 0.1

N . . . . . . . . . . 0.98 0.43 0.36

I H 8 . . . . . . . . 3.02 7 .52
0 . . . . . . . . . . 29.93 37.28 43.02

F e .. . . . . • . . 6 .28 8 .51 2 .8 50 . 3 O 7

0 ... . . . 44.95 18.12
Si # o . * . 11.5 16.1 11.3

Fe . . . . . . . . 35.1 45.4
Ca /..... . 4.3 0.45 2.85

Si . .. .. . .. 1.9 12.2Mg . . . . . . . . 4.64 1.98 3.44
Ca . . . . . . .. . 0.8 2.35

A1.1 .... . 0.82 3.6 3.8
U9 . . . . . . . . 0.48 1.22

Na o. .. . 1.37 11.24 0.13

Al . . ... ... . 0.54 0.84S~Resi-
N * .•. ••. • due 0.74

Zn 1.4 1.7

o . . . ... . 1.82 2.86

the fuel in cleaning the tank as a result of the partial breakdown of the
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fA"4n f41+A-t4" 4V.k+ nf +hA Atnrnffa fIltera. For this reason the "h

Table 5 Table 6

Sediment from Organic Moie-

mesh filters tar ture
Item - ; part of of

Stor- Air- ibso- de-

age plane lutely pos-
-. ... dry sed-1 it.

Moisture of sediment, % 5.35 2.5 iment, %I

Ash content of absolute- Storage fabric
ly dry sedimant, % 58.43 48.65 lst step of filtration 75.09 3.89

Element content of ab-
Sol te dry sedi- ditto .. f. ..... 85.35 8.03

mditto . . . . . . . . . 84.11 50.3

C . . . . . . . . . . .. 20.52 31.79
2nd stsp of filtration 81.54 15.21

H. .... . . a. . . .. 5.29 6.19
ditto . .. . ... . 90.29 32.3

S .0 . . . .# * . . . .. 0.29 0.12
S* *Airplane paper

N. .. *. . .. ... . 0.62 0.84
After 5 hrs. work. . . 82.46 3.74

o . . . . . . . . . . . 29-31 24.25 "I 9 to It . • • 87.19 6.57
Fe . . . . . . . . . . . 29.2 4.55 t .i 87.9 6.5"~ 11 " " • •. 89.95 2.8

Si • * • # * . • * * . . 5.65 10.8
Table 7

Ca • • & & • # • * • • . 3.2 0.74 Element composition o tars,%

Mg . . . .. .. . . • 0.7 5.01 Filtration

Al • . • • . . * . . . . 0.58 8.3 1st step 70.76 10.75 3.34 1.0515.1

Na 0.98 0.5 ditto 70.08 14.36 1.84 0.70 14.02

Zn .......... . 1.72 2.92 2nd step 70.21 10.90 1.76 0.71 16.-4

ditto 17.09 10.31 1.21 0.60 16.79

fabric filtering jacketr of the storage filters. For this reason the ash con-

tent of the deposits on the mesh filters is not great and amounts to 48--58%.

Of the ash oompments ths mesh filters hold back mainly coarse particles of

impurities in the TS-1 Pael, consisting of the products of corrosion of steel

and zinc surfaces of the storage equipment and including particles of silicon

PrD-TT-64-392/1 7



&nd other mineral &,u•vtum..&_

From the data obtained it in seen that the mioroimpurities of the TS-1

fuel impregnated with oompoundLs containing sulfur are hardly held back by the

mesh filters.

The basic mtme of mioroimpuritias of the TS-1 fuels, atturated with the

organio-tar part, are taken out by the storage fabric filters and the air-

plane paper filters (Table 6). The storage filtere are clogged by inicroim-

purities when the content in them of tar amounts to 75--90% The airplane

paper filters ara ocloked by rioci'pur•+iee when the content in them of tars

reaches 82-8K and the longer the work lasts the more the tar content in the

deposit on the paper filters will be.

For letermining the content of the basic component of the deposits on

the fabric filters in the storage places the organic tarry part was extracted

from them by chloroform. In Table 7 there is shown the element content

of the tars extracted from the storage fabric filters.

From the data obtained it follows that along with thbe oxygen compounds

in the deposits there is a oonsiderable amount of compounds containing sul

fur and nitrogen.

The amount of oontentd containing sulfur in the depostits on the fabric

filters reaches 2kO-b3% (from the computation for the averag molecule of

deposit), The great amount of oVgen in the depopit (up to 3--4 atoms per

average moleoult) is evidenoe of the fact that the ulfur-.organio compounds

held baok by the fabrio filters are present basically in thi form of o:idized

products,

Th~us the decrease in thoe aompunds oontali.rng slfur in the minroimri

ties of the TS-I fusls in their traoaportatlon, settl'ng. and filtration, re-

sultd from the rsoval of this group of mioroimpuritiea frm the fuels on

the fabrio and paper filtirz, Consequently the ai itiea t %I

PIMt'TI-64-3 92/ 1



by oompundLs oontanin.2 slufufr niam a & o6rginc of the utorita fabric filters

and the airpilne paper filters.

Conclus ions

I. The micrcimpurities of the jet fuels from sulfurous petroleums con-

sist of ash elements, tars, and "atrictural" water.

?. Ifr the process of transportation, settling, and filtration of the

fuele there occurs a separation of the microinapurities in accordance with

their chemical composition. The microimptri,;ies saturated with ash elements

settle a". are flitered out in the mesh filteris of the airplanes. The micrO-

impurities saturated with tar products and water basically remain In the fuoe

in the suspended state.

3. Into the oomposition of the tarry part of the microimpurities of the

fuels, along with oxrgen compolunds, there go up to 20-30% of oxidized com-

pounzs containing sulfur.

4. in the process of the filt-ation ^f fuels there occurs a decrease in

the quantity of compounds oontdning sulfur in the mioroimpurities of the fuels.

The compounds with sulfur in the fuels are retained in the storage fab-

rio filters and the airplane paper filters , for which reason the latter quick-

ly become clogged.

At the fuel storage placesthe basic amount of microimpurities cr ntaining

sulfur is held back by the fabric filters of the ist step in filtration.
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